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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.0 Introduction 
 
 
Concrete is one of the most common materials used in the construction 
industry. In the past few years, many research and modification has been done to 
produce concrete which has the desired characteristics. There is always a search for 
concrete with higher strength and durability. In this matter, blended cement concrete 
has been introduced to suit the current requirements. Cementitious materials known 
as pozzolans are used as concrete constituents, in addition to Portland cement. 
Originally the term pozzolan was associated with naturally formed volcanic ashes 
and calcined earths will react with lime at ambient temperatures in the presence of 
water. Recently, the term has been extended to cover all siliceous/aluminous 
materials which, in finely divided form and in the presence of water, will react with 
calcium hydroxide to form compounds that possess cementitious properties. The 
current area of research in the concrete is introducing clay (metakaolin) in the 
concrete. 
 
 
Clays have been and continue to be one of the most important industrial 
minerals. Clays and clay minerals are widely utilized in our society. They are 
important in geology, agriculture, construction, engineering, process industries, and 
environmental applications. Traditional applications of clay including ceramics, 
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paper, paint, plastics, drilling fluids, chemical carriers, liquid barriers, and catalysis. 
Research and development activities by researchers in higher education and industry 
are continually resulting new and innovative clay products.  
 
 
Metakaolin is one of the innovative clay products developed in recent years. 
It is produced by controlled thermal treatment of kaolin. Metakaolin can be used as a 
concrete constituent, replacing part of the cement content since it has pozzolanic 
properties. The use of metakaolin as a partial cement replacement material in mortar 
and concrete has been studied widely in recent years. Despite of the recent studies, 
there are still many unknowns with the use of metakaolin. Study is needed to 
determine the contribution of metakaolin to the performance of hardened concrete. 
There are great concerns on the strength and durability of metakaolin-concrete when 
used as construction materials in the construction industries. If it is proven that the 
concrete is durable and strong, this will lead to the use of metakaolin to replace part 
of the cement. 
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1.1  Objective of Study 
 
 
  This study is conducted to accomplish some predefined objectives. These 
objectives are: 
 
 
i) To study the performance of concrete containing different percentages 
of metakaolin and to identify the optimum replacement percentage. 
 
 
ii) To investigate the effect of calcination temperatures to the strength 
performance of metakaolin-concrete. 
 
 
iii) To compare the performance of metakaolin with other cement 
replacement materials (CRMs). 
 
 
 
 
1.2  Significant of the Study 
 
 
  Concrete has been used in the construction industry for centuries. Many 
modifications and developments have been made to improve the performance of 
concrete, especially in terms of strength and durability. 
 
 
  The introduction of pozzolans as cement replacement materials in recent 
years seems to be successful. The use of pozzolan has proven to be an effective 
solution in enhancing the properties of concrete in terms of strength and durability. 
The current pozzolans in use are such as fly ash, silica fume and slag. Development 
and investigation of other sources of pozzolan such as kaolin will be able to provide 
more alternatives for the engineer to select the most suitable cement replacement 
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material for different environments.  
 
 
Unlike other pozzolans, metakaolin is not a by-product which means its 
engineering values are well-controlled. Therefore, using metakaolin should promise 
some advantages compared to other cement replacement materials. In this case, 
studies are needed to study the performance of concrete using metakaolin. The 
performance of metakaolin-concrete will be compared to the cost of production of 
metakaolin to determine whether metakaolin is worthy to be developed as a new 
cement replacement material.  
   
 
  In addition, the use of metakaolin is not common in the Malaysian 
construction sector. This study will be able to enhance the understanding on the 
suitability of metakaolin as cement replacement material.  
 
 
 
 
1.4  Scope of Study 
 
 
This study focuses on the strength performance of concrete with metakaolin. 
Strength is the most important property of concrete since the first consideration in 
structural design is that the structural elements must be capable of carrying the 
imposed loads. Strength characteristic is also important because it is related to 
several other important properties which are more difficult to measure directly. 
 
 
With regard to this matter, the development of compression strength of 
metakaolin concrete is studied. Cement replacements by 5%, 10%, 15%, 20% and 
30% with metakaolin are studied. Concrete tests are conducted on the concrete 
samples at the specific ages. All the strength tests are limited to the ages of 28 days. 
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In the study of the effect of calcination temperatures to the strength 
performance of metakaolin, the temperatures is set within the range of 600°C-800°C. 
The temperatures interval used is 50°C. 
 
 
For the performance comparison study, the cement replacement materials 
used are silica fume and ground granulated blast furnace slag. These two cement 
replacement materials are chosen as they are the most common replacement 
materials nowadays and will be good comparisons to metakaolin. The comparison is 
made on the compressive strength performance of metakaolin, silica fume and slag 
concrete. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
